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The SLAN A New 
Microwave Plasma Source 
Plasma processes play a crucial role in the manipulation of surfaces in the semiconductor 
industry. They have proven advantages over conventional etching, coating and modifying 
procedures which have led them to play a dominant part in this field. The plasma can improve 
growth by the transfer of energy to the surface, or supply chemically reactive radicals for 
cleaning, reactive etching or other surface modifications. Plasmas are widely used for 
the treatment of substrates and workpieces for example cleaning of surfaces, 
thin film deposition, etc. 
A plasma is a gas which has 
been ionised (contains elec- 
tricaUy charged particles) by 
supplying power to it. Of particular 
use in the semiconductor industry 
are so called cold non-equilibrium 
plasmas where the electrons possess 
high energies but the ions stay only 
slightly above room temperature. The 
plasma can be manipulated by the 
use of electric or magnetic fields to 
have the desired effect on the target. 
This article discusses the use of 
microwave plasma sources and ex- 
amines a new type of plasma gen- 
erator which overcomes many of the 
difficulties traditionally associated 
with such sources. 
Plasma Generat ion 
There are a wide variety of systems 
available for plasma generation using 
frequencies from DC to the micro- 
wave range. The simplest system, a 
hot filament discharge (DC) often 
results in problems uch as substrate 
contamination, thermal load and dis- 
charge breakdown with chemically 
reactive gases (due to burned fila- 
ments), increasing maintenance re- 
quirements. 
Alternatives include radio fre- 
quency (mostly 13.56 or 27.12 
MHz) or microwave (mostly 2.45 
GHz) discharges. Of the two, micro- 
wave discharges present a cheaper 
and simpler method of obtaining a 
suitable plasma. 
figure 1.Cross section of 5LAN installation. 
Microwave Plasma 
Sources 
Microwave plasma sources offer sev- 
eral advantages over other plasma 
sources. They do not suffer from the 
problems of possible substrate con- 
tamination and discharge breakdown 
that often occur in hot filament 
systems. The absence of a cathodic 
sheath with high sheath potentials 
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(as in RF discharges) results in a very 
low energy ion bombardment of the 
substrate thereby minimising surface 
damage (typical ion energies range 
from 10-15 eV). Microwave plasmas 
can be generated almost free of 
contamination by the avoidance of 
metallic materials and the absence of 
coupling electrodes. In addition to 
this, power  match ing can be 
achieved more easily than RF match- 
Figure 2.Graph of ion density vs microwave power in the 5LAN (Argon, 1000W). 
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Rgure 3.Graph of ion density vs radial position in the SLAN (Argon, 1000W). 
ing, an important factor for applica- 
tions requiring power levels in ex- 
cess of  several  kW. This  also 
increases the potential for scale up 
of the system. 
Perhaps the most significant advan- 
tage of the microwave plasma is the 
high degree of ionisation (up to 7%) 
and a high ion density (up to 1013 
cm3). This high density of ions and 
chemically active radicals permits 
short process times. For the reasons 
outlined above, a microwave plasma 
is often referred to as a dense but soft 
plasma, a combination which makes 
it an ideal process tool. 
However, microwave systems are 
not without their disadvantages. The 
linear dimension of a monomode 
microwave discharge is approxi- 
mately equal to its wavelength. For 
a microwave frequency of 2.45 GHz 
which is commonly used for micro- 
wave plasma sources, it is approxi- 
mate ly  12.8 cm. This  l im i ted  
dimension may pose difficulties for 
the scale up of technologically im- 
portant plasma based processes. 
There are several ways of making a 
microwave plasma source with scale 
up potential: 
• One solution is the use of multi- 
mode excitation which is more 
uncontrolled. 
• Another is a reduct ion in the 
excitation frequency below 2.45 
GHz to match the system dimen- 
sions, but this can prove costly. 
Perhaps the most successful solu- 
tion is the use of alternative xcita- 
tion schemes. 
The SLAN is a new type of micro- 
wave plasma source which makes use 
of a novel excitation scheme to offer 
virtually unlimited scale-up otential. 
The SLAN Slot 
Based on the SLit ANtenna principle, 
from where it gets its name, the SLAN 
was developed by JE Plasma Consult, 
a spin off company of the Micro- 
structure Research Centre at the 
University of Wuppertal, Germany, 
and is patent pending. 
It is a new high performance 2.45 
GHz microwave plasma source with a 
unique geometry which allows al- 
most any plasma diameter to be 
chosen, independent of the micro- 
wave frequency. Plasmas with dia- 
meters of several wavelengths can be 
generated, offering reat potential for 
large scale technological applica- 
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Figure 4.Graph of ion density vs axial position in the SLAN (Argon, 1000W). 
tions. The SLAN geometry opens new 
possibil it ies in plasma t reatment  
while offering a homogeneous plas- 
ma with a high degree of ionisation. 
The SLAN is based on the geometry 
of a Lisitano coil. A Lisitano coil 
basically consists .of an axially slotted 
metal cylinder and offers the advan- 
tage that the diameter can be chosen 
independently of the microwave fre- 
quency. However, there are signifi- 
cant differences between this and 
the SLAN. 
Instead of transferring the micro- 
wave power directly to the plasma 
gas, the microwave is capacitatively 
coupled into an angular ing resona- 
tor whose perimeter is a multiple of 
the microwave wavelength. Interfer- 
ence of the; microwave causes a 
standing wave to build up inside the 
ring resonator with exact localised 
nodal points and maximal amplitudes. 
The ring resonator is slit equidis- 
tantly at the inner side at regular half 
wavelength intervals o that the slits 
act as identical antennas radiating the 
microwave power  towards the ring's 
centre. In the centre of the ring there 
is a quartz chamber containing the 
plasma gas. The outer side of the 
quartz chamber  is covered with 
Teflon in order to avoid radiation of 
UV light (Fig. 1). 
The capacitative coupler is located 
so that the standing wave nodes of 
the electric field will be at the 
positions of the coupling slots. The 
slots cut the lines of  max imum 
displacement current flow. For im- 
pedance matching, the immersion 
depth of the capacitative coupler 
into the ring resonator can be varied 
and the end position of the wave- 
guide can be adjusted by means of a 
shorting plunger. These two features 
allow adjustment for virtually any 
p lasma load to the wavegu ide  
mpedance. 
The use of waveguide components 
for the transfer of microwaves over- 
comes the power  limitations due to 
power coupling from a coaxial ine to 
a Lisitano coil. 
Since the microwave applicator has 
no direct contact with the plasma, 
contamination of the plasma with the 
coil material cannot occur. 
The extraction of the plasma is 
achieved via the pressure gradient 
between the region of excitation at 
the ring resonator and the plasma 
chamber itself, or via a magnetic field 
gradient in the axial direction of 
the SLAN. 
By choosing the number of wave- 
lengths over the ring resonator's 
per imeter  the size of the SLAN 
plasma source can be varied easily 
and independently of the microwave 
frequency. At the moment  sources 
with plasma diameters of 4 cm, 16 
cm and 64 cm are available. 
The high number of equally radiat- 
ing slit antennas inside the SLAN 
makes it is possible to achieve both 
coupling of high power levels to the 
source and a good distribution of the 
power over the plasma volume. Gas is 
lead to the plasma by an angular gas 
inlet ring which is integrated in the 
mount ing flange of the SLAN, a 
feature further supporting homoge- 
neity of the plasma. Figures 2-4 show 
the plasma density as a function of 
radial position, axial position and 
microwave power. 
Beside the scale up ability, the 
unique geometry of the SLAN allows 
another configuration which offers 
new ways of  p lasma t reatment .  
Mounting the SLAN ring resonator 
on top of a quartz bell jar results in 
the common one side open plasma 
sOurCe.  
This is called a downstream SLAN 
as the workpiece is often located in 
the remote  or afterglow region. 
However, the SLAN principle permits 
the ring resonator to be mounted on 
a quartz tube resulting in a plasma 
source open on two sides and radiat- 
ing a plasma beam on both sides. 
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discharges towards the low pressure 
end. This allows for applications 
down to the 10 .4 mbar pressure 
ranges, simultaneously yielding com- 
paratively high ion densities and low 
electron energies. 
Etching of materials uch as Gags, 
Si, and SiO2 has been successfully 
performed using ECR plasmas, as has 
the deposition of films of epitaxial 
silicon, germanium and GaAs. 
All SLAN's can be retrofitted to 
operate as an ECR plasma source by 
the addition of an optional ring of 
strong permanent  SmCo magnet 
stacks. For compactness, the optional 
ECR ring is installed between the 
inner radius of the SLAN ring reso- 
nator and the outer radius of the 
quartz. The magnets are located 
between the slit antennas. 
The magnetic field forces the elec- 
trons of the plasma to move on spiral 
curves, and the rotation frequency 
equals the microwave frequency of 
2.45 GHz at a magnetic field strength 
of 87.5 mT. This resonance results in 
a more efficient power coupling to 
the plasma which enables the opera- 
tion range of the SLAN plasma source 
down to the 10 .4 mbar pressure 
range and below 
Figure 5. 2.45 GHz SLAN microwave plasma source in the open configuration. 
These open SLAN sources facilitate a 
much easier direct plasma treatment 
compared to common downstream 
sources and the open configuration 
makes it an ideal tool for run through 
applications (Fig. 5). 
An open source can also be config- 
ured for use in a downstream ar- 
rangement. 
All that is necessary is to close one 
side of the open SLAN with a blind 
flange and mount the other side to 
the vacuum chamber. This intro- 
duces a further degree of flexibility 
as the blind flange may contain 
additional features uch as a viewing 
port to the plasma, permitting analy- 
sis such as optical spectroscopy to be 
performed uring CVD on the grow- 
ing surface. Additional gas inlets may 
also be added as can an electrical 
electrode or a material evaporator at 
the side of the blind flange. 
The downstream and open SLAN 
plasma sources are designed for 
operating pressures between 0.01 
and 10 mbar. Depending on gas and 
applied microwave power, operation 
is possible up to atmospheric pres- 
sure with the smaller sized SLAN 
plasma sources. 
ECR Plasma Source 
Another variation on the SLAN is the 
Electron Cyclotron Resonance (ECR) 
plasma source. The ECR plasma-heat- 
ing principle has proven to be a very 
efficient method of extending the 
operating range of microwave plasma 
Applications 
Although a relatively new develop- 
ment, the SLAN has already proved 
itself in a variety of applications. 
These include the treatment of pla- 
nar and non-planar surfaces, plasma 
enhanced CVD, plasma polymerisa- 
tion, plasma cleaning, hydrogen treat- 
ment  of  wafers ,  and sur face  
modification. 
With its ability to generate high 
performance large scale plasmas the 
SLAN is already prepared for treat- 
ment of the next few generations of 
wafer sizes in the semiconductor 
industry. With the ongoing trends 
towards the use of larger wafers this 
is an invaluable asset of the SLAN. 
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